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Abstract
Visually induced self-motion (vection) affects the speed at which actions are performed.
However, it has been unclear whether this speedy action induced by vection is based on 
the modulation of mental tempo. To clarify this issue, we tested whether the speed of 
YHFWLRQLQÁXHQFHGDQREVHUYHU·VF\FOLFDFWLRQUHODWHGWRPHQWDOWHPSR2EVHUYHUVYLHZHG
IDVWDQGVORZPRYLQJRSWLFÁRZVWLPXOLDQGG\QDPLFUDQGRPGRWVZKLOVWKDQGFODSSLQJDW
their preferred tempo. The results revealed that the clapping rate was the fastest in the 
IDVWHVWRSWLFÁRZFRQGLWLRQ7KLVHIIHFWYDQLVKHGZKHQRSWLFÁRZVWLPXOLPRYHGIDVWEXW
GLG QRW LQGXFH YHFWLRQ )DVW RSWLF ÁRZ VWLPXOL DOVR LQGXFHG ODUJHU SXSLO GLODWLRQ
VXJJHVWLQJ WKDW LW LQFUHDVHG WKH REVHUYHU·V DURXVDO OHYHO 7KHVH UHVXOWV VXJJHVW WKDW
illusory self-motion increased arousal levels, thereby modulating mental tempo. 
Copyright © 2013, Konrad Lorenz University Foundation. Published by Elsevier España, 
S.L.U. This is an open-access article distributed under the terms of the Creative Commons 
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Più mosso (más rápido): el automovimiento rápido acelera la acción cíclica en la 
realidad virtual
Resumen
El automovimiento inducido visualmente (vección) afecta a la velocidad con la cual se 
llevan a cabo las acciones. Sin embargo, no se ha establecido con claridad si esta rápida 
DFFLyQLQGXFLGDSRUODYHFFLyQVHEDVDHQODPRGXODFLyQGHOWHPSRPHQWDO&RQHOÀQGH
FODULÀFDUHVWHWHPDOOHYDPRVDFDERSUXHEDVTXHDSXQWDEDQDGHWHUPLQDUVLODYHORFLGDG
de la vección afecta a las acciones cíclicas de un observador, en relación con el tempo 
PHQWDO/RVREVHUYDGRUHVVHHQIUHQWDURQDHVWtPXORVGHÁXMRySWLFRGHPRYLPLHQWRUiSL-
GR\OHQWRDVtFRPRSXQWRVDOHDWRULRVGLQiPLFRVDPHGLGDTXHDSODXGtDQDOULWPRTXH
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:KHQZHYLHZDODUJHYLVXDOPRWLRQÀHOGWKDWVLPXODWHVWKH
UHWLQDOÁRZLQDUHDOVLWXDWLRQZHRIWHQSHUFHLYHVHOIPRWLRQ
even though we do not actually move (vection: Fischer & 
Kornmuller, 1930). In everyday life, passengers in a waiting 
train often experience the movement of their train when 
they observe another train pulling out from the station. Self-
motion in a real environment entails motion information in 
YLVXDO DXGLWRU\ DQG KDSWLF PRGDOLWLHV *LEVRQ 
Moreover, during a uniform motion of the self the vestibular 
system cannot receive gravitational information; in such a 
situation, self-motion perception relies on cues from the 
other modalities. Thus, perception of self-motion appears to 
be shaped by incorporating the signals from such modalities 
5LHFNH 9lOMDPlH 	 6FKXOWH3HONXP  6HQR +DVXR
,WR	1DNDMLPD6HQR2JDZD ,WR	6XQDJD
9lOMDPlH /DUVVRQ9lVWIMlOO	.OHLQHU $OWKRXJK LQ
the case of visual vection the self-motion perception is 
induced mainly by visual stimulation, the perceptual system 
of self-motion uses sensory motion signals from modalities 
other than vision; hence, visual vection is susceptible to such 
signals (Seno, Ito, & Sunaga, 2011). For example, a previous 
VWXG\ VXJJHVWHG WKDW DLUÁRZ DJDLQVW DQ REVHUYHU·V IDFH
increased visual vection strength in the direction of self-
PRWLRQRSSRVLWHWRWKHDLUÁRZ6HQR2JDZDHWDO
2QWKHRWKHUKDQGYHFWLRQDOVRDIIHFWVRWKHUIRUPVRIVHQVRU\
(e.g., vestibular) inputs, stimulus meaning, gravitoinertial 
force, and perceived room temperature, etc.(e.g., Durgin, 
*LJRQH	6FRWW)XNXGD	6HQR6HQR,WR
Sunaga, & Palmisano, 2013; Seno & Van Doorn, 2013). For 
example, several previous studies showed that visual vection 
PRGXODWHV KXPDQ SRVWXUDO FRQWUROV %ULQJRX[ /HSHFT 	
'DQLRQ  *XHUUD] 	 %URQVWHLQ  7KXUUHOO 	
Bronstein, 2002; Wei, Stevenson, & Kording, 2010). Thus, 
visual vection and other sensory processes interact with each 
other.
Vection can affect the speed at which actions are 
SHUIRUPHG $ SUHYLRXV VWXG\ UHSRUWHG WKDW IDVW ELRORJLFDO
PRWLRQUHGXFHGUHDFWLRQWLPHVWRDYLVXDOFKDQJHLQDÀ[DWLRQ
FURVV :DWDQDEH  7KH VWXG\ GHPRQVWUDWHG WKDW WKH
speed of observed stimuli could increase the speed of an 
REVHUYHU·V DFWLRQ &RQVLGHULQJ WKH IXQFWLRQDO FRQQHFWLRQ
EHWZHHQ DFWLRQ DQG SHUFHSWLRQ -DPHV  -HDQQHURG
3ULQ] LW LVSRVVLEOHWKDWYLVXDOO\ LQGXFHGVHOI
PRWLRQ²YHFWLRQ²FDQDOVRLQÁXHQFHWKHVSHHGRIVHOIDFWLRQ
Indeed, we reported elsewhere that fast vection increased 
DQREVHUYHU·VVSHHFKVSHHG6HQR,KD\D	<DPDGD
$SRVVLEOHH[SODQDWLRQIRUWKHHIIHFWIRXQGLQ6HQRHWDO
(2013) is the speed up of mental tempo by perceiving fast 
self-motion. Mental tempo is the preferred rate of events in 
each person. In earlier research on mental tempo (Stern, 
1900), researchers used the pace of spontaneous motor 
activities like tapping, clapping, and walking as measures of 
internal timing (Boltz, 1994; Vanneste, Pouthas, & Wearden, 
2001). If mental tempo underlies the speech speed (i.e., 
utterance rate), vection would also affect mental tempo. 
However, direct evidence for this has not been provided as 
yet. Hence, this study examined whether mental tempo 
ZDVLQÁXHQFHGE\WKHVSHHGRIYHFWLRQ,Q([SHULPHQWZH
instructed observers to clap their hands ten times at a 
WHPSRWKDWWKHREVHUYHUVZRXOGVHHÀWQRWWRRVORZQRW
too fast), and recorded their handclaps as a measure of 
PHQWDO WHPSR 0LVKLPD  0F$XOH\ -RQHV +ROXE
-RKQVRQ	0LOOHU,IWKHVSHHGRIYHFWLRQPRGXODWHV
mental tempo, then handclaps would become the fastest in 
the condition where the fastest vection occurred. 
Next, it was unclear what mechanism underlay the change 
in mental tempo. In previous studies of time perception, the 
notion of an “internal clock” has been proposed as a kind of 
pacemaker that governs some temporal aspects of human 
SHUFHSWLRQDQGDFWLRQ*LEERQ&KXUFK	0HFN0HFN
2005), although this view is also controversial (e.g., Staddon 
& Higa, 1999). Moreover, a number of previous studies have 
reported the effects of arousal on the internal clock (Droit-
9ROHW	0HFNZLWKLQFUHDVHGDURXVDOOHYHOVSHHGLQJ
up the internal clock. For example, the effects of presenting 
DURXVLQJSLFWXUHV$QJULOOL&KHUXELQL3DYHVH	0DQIUHGLQL
WDERRZRUGV7LSSOHVDQGDQJU\IDFHV'URLW
Volet, Brunot, & Niedenthal, 2004), and the effects of body 
WHPSHUDWXUH:HDUGHQ	3HQWRQ9RDNYLVXDOÁLFNHUV
'URLW9ROHW	:HDUGHQ 2UWHJD	 /RSH]  DQG
GUXJ DGPLQLVWUDWLRQ 0DULFT 5REHUWV 	 &KXUFK  RQ
time perception, have been explained in this framework. 
Hence, it is possible that mental tempo became faster based 
on an increased arousal level owing to fast vection. For this 
reason, in Experiment 2 we recorded the changes in an 
REVHUYHU·VSXSLOGLDPHWHUZKHQWKHREVHUYHUVIUHHO\YLHZHG
the stimuli used in Experiment 1. Pupil dilation has been 
used as a reliable measure of the increase in arousal level 
(Kampe, Frith, & Frith, 2003). If arousal level increases when 
observers viewed the stimulus that induced fast vection, 
pupil diameter would increase the most with fast vection.
Experiment 1
Ethics statement
Experiments were pre-approved by the Ethics Committee of 
Kyushu University and an informed consent was obtained 
from each participant.
SUHÀULHUDQ/RVUHVXOWDGRVUHYHODQTXHODIUHFXHQFLDGHORVDSODXVRVHUDODPiVUiSLGD
EDMRODFRQGLFLyQGHÁXMRySWLFRPiVUiSLGR'LFKRHIHFWRGHVDSDUHFLyFXDQGRORVHVWt-
PXORVGHÁXMRySWLFRVHPRYtDQUiSLGDPHQWHSHURQRLQGXMRYHFFLyQ/RVHVWtPXORVGH
ÁXMRySWLFRUiSLGRWDPELpQLQGXMHURQGLODWDFLyQGHODSXSLODHVWRVXJLHUHTXHVHDXPHQ-
tó el nivel de alerta, incrementando a su vez el tempo mental.
Copyright © 2013, Fundación Universitaria Konrad Lorenz. Publicado por Elsevier España, 
6/8(VWHHVXQDUWtFXORGHDFFHVRDELHUWRGLVWULEXLGREDMRORVWpUPLQRVGHOD/LFHQFLD
Creative Commons CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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Methods
Observers: Seventeen adult volunteers participated in 
([SHULPHQW  2EVHUYHUV ZHUH HLWKHU JUDGXDWH RU
undergraduate students, with no reported visual or 
YHVWLEXODUDEQRUPDOLWLHV$OOREVHUYHUVZHUHQDLYHDVWRWKH
purpose of the present study.
Apparatus and Stimuli: Stimulus images were generated 
DQG FRQWUROOHG E\ D FRPSXWHU $SSOH 0%-$ 6WLPXOL
ZHUHSUHVHQWHGRQDSODVPDGLVSOD\ '9,(5$ LQFKHV
3DQDVRQLFZLWK D  ù  SL[HO UHVROXWLRQ DW D +]
refresh rate. The experiments were conducted in a dark 
URRP9LHZLQJGLVWDQFHZDVFP$VWRSZDWFK7'%.
7$1,7$ ZDV XVHG WRPHDVXUH WLPH LQWHUYDOV RI REVHUYHUV·
hand clapping.
$VLQ6HQRHWDOZHSUHVHQWHGÀYHW\SHVRIYLVXDO
VWLPXOL IDVW DQG VORZ RSWLF ÁRZ VWLPXOL IDVW DQG VORZ
SVHXGRRSWLFÁRZVWLPXOLDQGG\QDPLFUDQGRPGRWV'5'
7KHIDVWDQGVORZRSWLFÁRZVWLPXOLFRUUHVSRQGHGWR IDVW
DQGVORZYHFWLRQUHVSHFWLYHO\:HXVHGRSWLFÁRZVWLPXOL
involving expansion and contraction. Stimuli were created 
E\ SRVLWLRQLQJ  GRWV DW UDQGRP LQVLGH D VLPXODWHG
FXEH DQG PRYLQJ WKH REVHUYHU·V YLHZSRLQW WR VLPXODWH
forward self-motion of 32 m/s or 1 m/s (fast and slow optic 
ÁRZ FRQGLWLRQV UHVSHFWLYHO\ '\QDPLF UDQGRP GRWV
corresponding to absence of vection, were presented at 0.1 
Hz (1,240 dots/frame). 
Before the experimental session of Experiment 1, we 
FRQÀUPHGWKHH[LVWHQFHRIYHFWLRQLQHLJKWHHQSDUWLFLSDQWV
XVLQJDVHFRQGVWLPXOXVSUHVHQWDWLRQFRQGXFWLQJRQHWULDO
for each condition). Eighteen observers were asked to press 
a key as soon as they perceived self-motion and to hold down 
the key during the self-motion perception. The interval from 
WKHVWLPXOXVLQLWLDWLRQWRWKHÀUVWNH\SUHVVZDVPHDVXUHGDV
latency and the cumulative period of the key press was 
PHDVXUHGDVGXUDWLRQ7KHDYHUDJHODWHQFLHVZHUHDQG
 VHFRQGV IRU WKH IDVW DQG VORZ RSWLF ÁRZ FRQGLWLRQV
UHVSHFWLYHO\'XUDWLRQVZHUHDQGVHFRQGVIRUWKH
IDVWDQGVORZRSWLFÁRZFRQGLWLRQVUHVSHFWLYHO\7KHUHZDVD
VLJQLÀFDQW GLIIHUHQFH EHWZHHQ IDVW DQG VORZ RSWLF ÁRZ
conditions in terms of latency (t p< .03). There 
ZDVDOVRDPDUJLQDOO\VLJQLÀFDQWGLIIHUHQFHEHWZHHQWKHPLQ
terms of duration (t p 7KHVHUHVXOWVLQGLFDWH
WKDWYHFWLRQZDVVLJQLÀFDQWO\VWURQJHULQWKHIDVWRSWLFÁRZ
condition than in the slow one.
3VHXGRRSWLFÁRZVWLPXOLFRQVLVWHGRIRSWLFÁRZVGHSLFWLQJ
contraction and expansion, with expansion presented in the 
ULJKW XSSHU DQG OHIW ERWWRP YLVXDO ÀHOGV DQG FRQWUDFWLRQ
SUHVHQWHG LQ WKH ULJKW ERWWRP DQG OHIW XSSHU YLVXDO ÀHOG
Vection was largely inhibited in this condition, even though 
observers perceived the same speed of visual motion as in the 
QRUPDORSWLFÁRZFRQGLWLRQ7KLVLVEHFDXVHYHFWLRQZDVQRW
GHWHUPLQHG LQ D XQLTXH GLUHFWLRQ LQ SVHXGR RSWLF ÁRZ
conditions (Seno et al., 2012). Before the experimental session 
RI ([SHULPHQW  DQG VLPXOWDQHRXV WR WKH FRQÀUPDWLRQ RI
YHFWLRQ LQ WKH IDVW DQG VORZRSWLF ÁRZ FRQGLWLRQVZH DOVR
FRQÀUPHGWKHDEVHQFHRIYHFWLRQLQWKHIDVWDQGVORZSVHXGR
RSWLFÁRZFRQGLWLRQVLQÀIWHHQSDUWLFLSDQWVXVLQJDVHFRQG
VWLPXOXVSUHVHQWDWLRQ$YHUDJHODWHQFLHVZHUHDQG
VHFRQGV IRU WKH IDVWDQG VORZSVHXGRRSWLFÁRZFRQGLWLRQV
UHVSHFWLYHO\'XUDWLRQVZHUHDQGVHFRQGVIRUWKHIDVW
DQG VORZ SVHXGRRSWLF ÁRZ FRQGLWLRQV UHVSHFWLYHO\ 7KH
UHVXOWVUHYHDOHGVLJQLÀFDQWGLIIHUHQFHVEHWZHHQWKHIDVWRSWLF
ÁRZDQGIDVWSVHXGRRSWLFÁRZFRQGLWLRQVt p< 
 DQG WKH VORZ RSWLF ÁRZ DQG VORZ SVHXGRRSWLF ÁRZ
conditions (t p 7KHUHZHUHQR VLJQLÀFDQW
GLIIHUHQFHV EHWZHHQ WKH IDVW DQG VORZ SVHXGRRSWLF ÁRZ
conditions (latency: t    p> .05; duration: t  
1.22, p! 7KXVZHVXFFHVVIXOO\FRQÀUPHGWKDWYHFWLRQ
was highly inhibited in those conditions.
Procedure 2EVHUYHUV YLHZHG HDFK RI WKH VWLPXOL
throughout the trial. Ten seconds after the stimulus 
presentation began, observers started to clap their hands 
according to the verbal instructions from an experimenter 
(i.e., ¶VWDUW· 2EVHUYHUV ZHUH LQVWUXFWHG WR FODS WKHLU
KDQGV DW WKHLU SUHIHUUHG WHPSR )LJXUH $ WLPHNHHSHU
counted the number of claps and asked observers to stop 
the hand clapping after the number of claps exceeded 10. 
The clapping sounds were timed using a stopwatch (we did 
not record the clapping sounds, so time intervals between 
FODSVZHUHXQFOHDU,WZDVXQOLNHO\WKDWWKHWLPHNHHSHU·V
reaction time or other variables based on the manual 
measurement affected the tendency of these results, as the 
timekeeper was naive to the purpose of the present study 
DQGKHVKHGLGQRWREVHUYHWKHYLVXDOVWLPXOL&RQVHTXHQWO\
HYHQWKRXJKWKHUHZHUHQRYDULDWLRQVLQREVHUYHUV·DFWLRQ
itself, said variations should not be biased. The clapping 
rate was calculated based on the time elapsed from the 
ÀUVWFODSXQWLOWKHODVWFODS7KHRUGHURISUHVHQWDWLRQRI
YLVXDO VWLPXOL ZDV DOVR UDQGRPL]HG 2QH FRQGLWLRQ ZDV
UHSHDWHGRQFHWKHUHIRUHWKHUHZHUHÀYHWULDOVLQWRWDO
Results and Discussion
7R DVVHVV WKH REVHUYHU·VPHQWDO WHPSR ZH FDOFXODWHG WKH
clapping rate expressed as bpm (beats per minute), using the 
formula [clapping rate = (10/TI)*60], where TI is the temporal 
LQWHUYDOEHWZHHQWKHÀUVWDQGODVWFODSV/DUJHUYDOXHVGHQRWH
DIDVWHUWHPSR$VVKRZQLQ)LJXUHWKHFODSSLQJUDWHLQWKH
Figure 1. Schematic diagram of the experimental situation 
and each stimulus condition in Experiment 1.
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IDVWRSWLFÁRZFRQGLWLRQVHHPVWREHODUJHUWKDQWKRVHLQWKH
other four conditions. Statistical analyses supported this view. 
$RQHZD\DQDO\VLVRIYDULDQFH$129$UHYHDOHGDVLJQLÀFDQW
PDLQHIIHFWRIWKHÀYHFRQGLWLRQVF p< .0001, 
prep Ťp2 0XOWLSOHFRPSDULVRQVUHYHDOHGWKDWWKHFODSSLQJUDWHZDVVLJQLÀFDQWO\JUHDWHULQWKHIDVWRSWLFÁRZ
condition than in the other conditions (ps< .0004). 
$VZH SUHGLFWHG WKH UHVXOWV VKRZHG WKDW WKH FODSSLQJ
UDWHLQWKHIDVWRSWLFÁRZFRQGLWLRQZDVODUJHUWKDQWKDWLQ
WKHVORZRSWLFÁRZFRQGLWLRQVXJJHVWLQJWKDWIDVWHUYHFWLRQ
PDGH WKH REVHUYHUV·PHQWDO WHPSR IDVWHU 0RUHRYHU WKLV
HIIHFWZDVQRWREVHUYHGLQWKHSVHXGRRSWLFÁRZFRQGLWLRQV
RULQWKH'5'FRQGLWLRQ7KHVHUHVXOWVVXJJHVWWKDWLWLVQRW
WKHVSHHGRIRSWLFÁRZVWLPXOLRUWKHFRQWLQXRXVFKDQJHRI
dot stimuli, but rather the speed of perceived self-motion 
WKDWDIIHFWHGWKHREVHUYHU·VPHQWDOWHPSR
,Q([SHULPHQWZHFRQGXFWHGDQREVHUYDWLRQZLWKÀYH
naive volunteers, in which we recorded the pupil diameter 
ZKLOHREVHUYHUVYLHZHGWKHÀYHW\SHVRIYLVXDOVWLPXOLXVHG
in Experiment 1. This was done in order to examine whether 
IDVWYHFWLRQLQFUHDVHGDQREVHUYHU·VDURXVDOOHYHO
Experiment 2
Methods
Observers: Five naive graduate students participated in 
Experiment 2. The observers reported no visual or vestibular 
abnormalities.
Apparatus, Stimuli, and Procedure: The stimuli were the 
same as those used in Experiment 1. The stimuli were 
FRQWUROOHGE\D0DFERRN3UR$SSOHFRPSXWHUSUHVHQWHG
RQDLQFKSODVPDGLVSOD\2EVHUYHUVÀUVWDGDSWHGWRWKH
darkened room for about ten minutes. We recorded the 
ULJKW SXSLO GLDPHWHU XVLQJ DQ H\H WUDFNHU (05% 1$&
,PDJH7HFKQRORJ\-DSDQDW+]GXULQJWKHH[SHULPHQW
9LHZLQJGLVWDQFHZDVFP7KHÀYHFRQGLWLRQVIDVWDQG
VORZRSWLFÁRZFRQGLWLRQVIDVWDQGVORZSVHXGRRSWLFÁRZ
FRQGLWLRQV DQG '5' FRQGLWLRQZHUH UDQGRPO\ SUHVHQWHG
IRUVHF(DFKFRQGLWLRQZDVUHSHDWHGÀYHWLPHV
Results and Discussion
$IWHU GLVFDUGLQJ GDWD ZKLFK FRQWDLQHG H\H EOLQNV DQG
recording errors, pupil data were binned into 1-sec 
segments. Because of a recording error, the last 1 sec of 
GDWD ZDV QRW UHFRUGHG LQ DOO REVHUYHUV $YHUDJH SXSLO
diameter of 1 sec before the stimulus presentation on each 
trial was used as the baseline. Changes in pupil diameter 
from the baseline during the presentation period were 
subjected to analysis. 
$VVKRZQLQ)LJXUHDYHUDJHFKDQJHVLQSXSLOGLDPHWHU
ZHUHODUJHVWLQWKHIDVWRSWLFÁRZFRQGLWLRQDVFRPSDUHGWR
WKH RWKHU IRXU FRQGLWLRQV $ RQHZD\ $129$ UHYHDOHG D
VLJQLÀFDQWPDLQHIIHFWLQDOOÀYHFRQGLWLRQVF 
p< .03, prep Ťp2 0XOWLSOHFRPSDULVRQVUHYHDOHGWKDWFKDQJHLQSXSLOGLDPHWHUZDVVLJQLÀFDQWO\ODUJHULQWKH
IDVW RSWLF ÁRZ FRQGLWLRQ WKDQ LQ WKH '5' FRQGLWLRQ p< 
.003). Differences with the other conditions were not 
VLJQLÀFDQW7KXVDVZHSUHGLFWHGWKHODUJHVWSXSLOGLODWLRQ
RFFXUUHG LQ WKH IDVW RSWLFÁRZ FRQGLWLRQ 7KHVH UHVXOWV
Figure 2. Tapping rate for each stimulus condition. The 
labels “Fast” “Slow” “Fast pseudo” and “Slow pseudo” 
UHSUHVHQWWKHUHVXOWVRIWKHIDVWRSWLFÁRZVORZRSWLFÁRZ
IDVWSVHXGRRSWLFÁRZDQGVORZSVHXGRRSWLFÁRZFRQGLWLRQV
respectively. Error bars denote standard errors of the means.
Figure 3. Time lapses of changes in pupil diameter. Error 
bars denote within-subject standard errors (Cousineau, 
2005).
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support the notion that the speed of perceived self-motion 
can modulate arousal level.
General discussion
In Experiment 1 we examined whether cyclic action 
(clapping) related to mental tempo was modulated by the 
VSHHGRILOOXVRU\VHOIPRWLRQDQGFRQÀUPHGWKDWWKLVZDV
WKHFDVH,QDGGLWLRQWKHUHVXOWVFRQÀUPHGWKDWWKLVHIIHFW
ZDVQRWGXHWRWKHVSHHGRIRSWLFÁRZRUWKHFRQWLQXRXV
change in visual patterns. Moreover, the results of 
Experiment 2 revealed that fast vection induced a larger 
change in pupil diameter than did slow vection. The results 
support the hypothesis that fast vection increased the 
arousal level of observers. Vection observed here was much 
VWURQJHULQWKHIDVWRSWLFÁRZFRQGLWLRQDQGWKXVWKLVPLJKW
be a proof of higher arousals level in the aforementioned 
condition.
2XUÀQGLQJVZHUHFRQVLVWHQWZLWKWKHYLHZRIWKHLQWHUQDO
FORFN*LEERQHWDO0HFN7KLVYLHZKDVEHHQ
widely applied to explain interval timing perception, 
duration perception, and musical rhythmic performance 
.HHOH1LFROHWWL,YU\	3RNRP\7KHLQWHUQDOFORFN
consists of oscillator, accumulator, and comparator 
processes. Here, the oscillator appears to be related to the 
mental tempo in that the oscillator continuously emits 
pulses, and this pulse rate regulates the speed of mental 
tempo (Vanneste et al., 2001). Present results suggest that 
the arousal-based speeding up of the oscillator in the 
LQWHUQDOFORFNV\VWHP'URLW9ROHW	0HFNLQGXFHVDQ
increase in mental tempo. This is consistent with the 
ÀQGLQJVRI%ROW]ZKRVKRZHGWKDWWKHDURXVDOOHYHO
modulates the preferred tempo. However, it is still unclear 
how vection increases the arousal level. Because vection is 
a kind of self-motion, and the vection conditions in the 
present study evoked a relatively high arousal level, further 
VWXGLHVDUHUHTXLUHGVRDVWRFODULI\WKHUHODWLRQVKLSEHWZHHQ
self-related processing and arousal level. Moreover, this 
interpretation of the results presented is based on the 
involvements of many hypothetical processes such as 
DURXVDOFORFNDQGPHQWDOWHPSR0RUHVSHFLÀFHYLGHQFHLV
needed for clarifying whether each process of the cascade 
LVDFWXDOO\DIIHFWHGE\IDVWYHFWLRQ$VRIQRZZHFHUWDLQO\
obtained the fact that vection was stronger in the fast optic 
ÁRZFRQGLWLRQ ,W LV OLNHO\WKDWWKHVWURQJHUYHFWLRQFRXOG
modify the arousal level more strongly.
$VDQRWKHUH[SODQDWLRQRQHFRXOGDUJXHWKDWWKHVSHHG
up of the cyclic action observed in Experiment 1 was a 
product of cognitive semantic processing. In the present 
study, the semantic representation of “fast” was consistent 
between the speed of cyclic action and vection. This 
semantic similarity may establish a link between the two, 
SURGXFLQJ WKH FXUUHQW UHVXOWV 2XU SUHYLRXV VWXGLHV KDYH
shown that upward vection induces positive memories 
(Seno, Kawabe, Ito, & Sunaga, 2013), and inversely that 
positive sounds enhance upward vection (Sasaki, Seno, 
Yamada, & Miura, 2012). Similarly, a semantic representation 
of “fast” formed from vection, through semantic processing, 
could induce an effect of vection on other mental activities 
- in the present case, a hand-clapping action. Future 
research needs to test whether an inverse effect occurs; 
that is, whether a fast cyclic action induces fast vection.
2WKHUZLVH WKH SUHVHQW UHVXOWV FDQ EH H[SODLQHG E\ D
simpler mechanism; that is, a preferred tempo for the task 
ZDVPRGXODWHGE\YHFWLRQ6SHFLÀFDOO\ LW LVSRVVLEOHWKDW
WHPSRUDO LQIRUPDWLRQ LQ WKH IDVW RSWLF ÁRZ FRQGLWLRQ
directly biased the rhythm of a cyclic action (i.e., hand 
clapping). This hypothesis also calls for evidence in further 
research.
3UHVHQWÀQGLQJVVXJJHVWWKDWWKHVSHHGXSRIXWWHUDQFH
rate found in Seno et al. (2013) might be related to a speed 
up of mental tempo induced by fast vection. This has 
important implications for future research on vection and 
DFWLRQ6SHHGRIYHFWLRQLVOLNHO\WRLQÁXHQFHYDULRXVPHQWDO
tempo-based phenomena as such as time perception, 
biological motion perception, musical performance, and 
the social interaction of people with different tempos.
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